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Epoxy (EP) resin based nano-composites are widely used as insulating materials in high voltage direct The test results were described by the Weibull distribution, as shown in figure 4 and figure 5, To study the effect of space charges and trap levels on the 0]
current (HVDC) high temperature superconducting (HTS) power cable. The cable termination operating at a respectively. surface flashover characteristics, Thermally Stimulated Direct .
temperature range from room temperature to 77 K is exposed to high electrical field which can cause surface 2y , At room temperature, Compared Current (TSDC) were measured. The trapped charges Q and the @+ o=——rr—1
flashover. In the present work, the DC surface flashover characteristics of ZnO/EP nano-composites was studied at 11 svezmo i / "% pure with the pure EP, the surface flashover || _ .. . energy E were calculated and were shown in table 1. The Temperatare(k)
. i ] v 6% ZnO /, © 1%Zn0 - .. 0 . ! 50,
both room temperature and liquid nitrogen temperature. P o camn B X A voltage of the sample containing 1Wt% || oy ourves were shown in figure 7. i -
] = Z0.2 I 2108
2. Experlment =2 u 6wt% and 10wt% ZnO were added, the o g
S p : . : N 0.1 surface flashover voltages of the samples Table 1. The trapped charge Q and the activation energy E. 2 z:
.1 Preparation of the nanocomposites S e L Y N N 5 had little difference, but were higher T
The surface of ZnO nano-particles was modified using KH-560 silane coupling agent. The samples were W e than that of the sample containing 1wt% Q/nC E, /eV E; /eV a0 s
made by dispersing ZnO nano-particles into EP resin with weight (wt) percentages of 0%, 1%, 3%, 6% and 10%, @ ® ZnO. Pure EP 13.35 — 0.28 -
respectively. Figure 4. The surface flashover test results at room temperature. 1%71n0 351 . 0.56 nge| TIROTSC
2 o~
2.2 Tests of the surface flashover voltage At 77 K, the surface flashover voltages of T e 0.4 3%Zn0O 0.22 — 0.69 | ;e;"“‘s'
. . : : . each sample manifested little difference. For the RIS 0 20
The experimental setup consisted mainly of a cooling system and a DC high voltage power system. P o o o = 0T z50 0.3- 6%2Zn0 3.48 0.22 0.89 | 016\//\
samples contalnlng OWtA), 1WtA) 3WtA) and ; o 5 10%7ZnO 10.22 0.65 0.89 . -
Refrigerator——» Th 11 10wt7 Zn0, the surface tlashover voltages 2 £ At room temperature, it was assumed that the pure EP BT
elrigerator . . . =2 - ! emperature (K
: led 1 cryostat o Slyiltle):m V(‘;ij ﬂ increased with the increase of the content of Zn0. = S contained more s acepchar es ;md the trap level was shalloxl?v hence |
The first stage—_| sealed In a cryostat cooled by a Resistance- (g The flashover voltage of the sample containing P & p ’ L |ewmonsc
refrigerator, including the external F ST 0 : 4 7/ A—— 0.0 | | the surface flashover voltage was the smallest. For the samples |
The second stage\ ’ . . . \ Electrode 6WtA) ZIIO was Sllghtly 10W€I‘ than that Of the 3.0 3.2 3.4 3.6 3.8 4.0 3.65 3.70 3.75 3.80 .. o o o ! 20
chamber. two radiation shields system .. o - InU containing 1wt%, 3wt% and 6wt% ZnO, the trap levels were deeper, : £ PeakII
The first radiation ' : samples containing 3wt% ZnO. : -
| connected with the first and second (a) (b) thus the surface flashover voltages increased. For the sample | = |
The scond radinion stages, respectively, as shown in = ;0_ = Room Temperature Figure S. The surface flashover test results at 77 K. | |containing 10wt% ZnO, although the trap level was deeper than L
R figure 1. T 451 © 7K . those of the other samples, the space charges were much more than ;= 0 3% 0 0 5@
8=t S ] ) . . . I
Electrode sysfem — g0 o o ¢ The surface flashover voltages for which the failure ||that of the other samples (except the pure EP), either. Hence the
DC high vo}tage o — 235— probability was 0.632 were calculated and plotted in figure 6. |[surface flashover voltage was close to those of the samples | ——1%#075C pakn
. _ s 2] It showed that the surface flashover voltages at 77K were ||containing 3wt% and 6wt% ZnO. £ 4l
Figure 1. The cooling system. Figure 3. The DC high voltage S . higher than those at room temperature for the samples with At 77 K, it was considered that due to the decrease of the | = u
power system system. £ o - o the same content of ZnO. amount of the initial electrons emitted from the triple-junction, the | =
Cathode Anode The structure of the electrode 220 o
= 9 . Hich 1t lied b = ] " amount of the Secondary electrons decreased. Although the trap ! 260 280 300 320 340 360 380
system encapsulated in the second 1gh voltage was supplied by =15{ = levels of ZnO/EP N d the effect of the level | Temperature(K)
/ radiation shield chamber was shown a DC high voltage power supply. The OWt% 1wt% 3wt% 6wt% 10wt% A COMPOSTIES Wo e Gerpet, T SLIRLL OF 116 Tevers
Tnsulating / : sple in figure 2. The cold plate and two oscilloscope, as well as the Content of ZnO of traps was not as significant as that of the temperature. Therefore, o
' , electrodes were marked in bronze. resistance-capacitance divider and the Figure 6. The voltages for which the failure with the increase of the content of ZnO, the surface flashover Flg;l;z}z-sglizg of
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Compared with pure EP, composites that doped with ZnO nanoparticles manifested higher surface flashover voltages at both room temperature and 77 K, and the increase of the surface

Figure 2. The electron system. flashover voltages was more observably at room temperature. It was assumed that ZnO nanoparticles introduced more deep traps thus increased the surface flashover voltage. For the composites
with the same ZnO content, the surface flashover voltages at 77 K were significantly higher than that at room temperature due to the difference between the amount of the electrons.




